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Objective - To assess by Doppler echocardiography
the structural and functional alterations of  rat heart  with
surgical induced extensive myocardial infarction.
Methods – Five weeks after surgical ligature of the
left coronary artery, 38 Wistar-EPM rats of both sexes, 10 of
them with extensive infarction, undergone anatomical
and functional evaluation  by Doppler echocardiography
and then euthanized for anatomopathological analysis.
Results – Echocardiography was 100% sensible and
specific to  anatomopathological confirmed extensive
miocardial infarction. Extensive infarction lead to
dilatation of left ventricle (diastolic diameter: 0.89cm
vs.0.64cm; systolic: 0.72cm vs. 0.33cm) and left atrium
(0.55cm vs. 0.33cm); thinning of  left ventricular anterior
wall (systolic: 0.14cm vs. 0.23cm,   diastolic: 0.11cm vs.
0.14cm); increased mitral E/ A wave relation (6.45 vs.
1.95). Signals of increased end  diastolic ventricle
pressure, B point in mitral valve tracing in 62.5% and
signs of  pulmonary hypertension straightening of pulmo-
nary valve (90%) and notching of pulmonary systolic flow
(60%) were observed in animals with extensive infarction.
Conclusion – Doppler echocardiography has a high
sensitivity and specificity for detection of chronic exten-
sive infarction. Extensive infarction caused dilatation of
left cardiac chambers and showed  in Doppler signals of
increased end diastolic left ventricular pressure and pul-
monary artery pressure.
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Myocardial infarct is one of the most frequent causes
of heart failure and death in the human adult population 1,2.
Heart failure may be related to the extension of the infarct 3,4.
Clinical recognition of the myocardial infarct extension and
of the degree of hemodynamic repercussion may be
obtained through Doppler echocardiography 5. Rat hearts
with surgically induced myocardial infarcts have been
analyzed with anatomicopathological studies, as well as
with hemodynamic studies and, more recently, with Doppler
echocardiography 6-10. This latter diagnostic technique has
been particularly interesting, mainly in serial studies and
those with pharmacological interventions 10,11. Because of
our laboratory’s interest in analyzing series of hearts of
infarcted rats to test different therapeutical approaches, it
became important to recognize the infarct and analyze its
functional repercussions by Doppler echocardiography.
Therefore this study aimed to report the main structural
and functional findings by Doppler echocardiography of
healthy rat hearts and rat hearts with extensive surgically
induced myocardial infarct.
Methods
We selected 38 Wistar-EPM rats of both sexes that
underwent echocardiography 5 weeks after undergoing
surgical ligation of the left coronary artery. After that, the
animals were euthanized for anatomicopathological
study, which revealed no sign of myocardial infarct in 28
animals and the presence of myocardial infarct in 10
animals involving more than 40% of the left ventricular
muscle. The 28 noninfarcted rats were 14 males and 14
females and all the 10 animals with extensive myocardial
infarct were females. Their weights ranged from 240g to
280g. All animals were kept inside plastic cages with air
temperature ranging from 20°C to 22°C, and light/dark
cycles of 12 hours. They were fed with a Nunvilab food
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preparation and unrestricted water and received no
medication before and after the procedure.
Myocardial infarct was induced according to a proce-
dure previously described in the literature and adapted to
our laboratory 8. Briefly, the procedure consisted of the fol-
lowing: after anesthesia with 0.1mL/kg of a mixture of
0.67mg/kg of xylazine and 0.33mg/mL of ketamine adminis-
tered through intraperitoneal via. The weight measure-
ment was done on a Marte balance. The animals were pla-
ced in the dorsal decubitus position, immobilized, and un-
derwent epilation and disinfection (92.8° alcohol) of the
anterior facies of the thorax. Then, a surgical incision of
2cm was performed in the skin along the left sternal margin,
exposing the 5th and 6th ribs. After divulsion of the pec-
toralis and transversus muscles, a pouch suture was pre-
pared to make possible the rapid closure of the thorax after
surgery. Thoracotomy was then performed at the 5th inter-
costal space for a rapid exteriorization of the heart by late-
ral compression of the thorax. The left coronary artery was
then identified and occluded with a suture with a 5-0 po-
lypropylene thread between the left atrial margin and the
pulmonary artery. After a quick repositioning of the heart,
the thorax was closed. To expand the thoracic cavity, pul-
monary ventilation with a nasal mask was performed until
the respiratory rate was stabilized.
Echocardiography of all animals was performed 5
weeks after infarct induction. For this, epilation of the an-
terior facies of the thorax was repeated as was sedation
with the same solution used for surgery. The animals were
then placed in the left lateral decubitus position (45°), and
3 electrodes were adhered to their paws for obtaining an
electrocardiographic tracing simultaneously with the
cardiac image that allowed identifying the phase of the
cardiac cycle and recording of the respiratory rate. The
examinations were performed with a commercially available
device (Apogee Cx Ultrasound System – ATL Inc, Ambler,
PA, USA) capable of producing images in the single-
dimensional or two-dimensional modes and of analyzing
the intracardiac blood flow velocity with Doppler spectral
analysis and color flow mapping techniques. A 7.5 MHz
transducer was used at a depth of 3.0cm and a sectorial
angle of 60°. The length of the volume sample of the pulsed
Doppler used was 0.6mm. Tracings of the M-mode, pulsed
Doppler and simultaneous electrocardiogram were recor-
ded at a velocity of 100mm/s. At first, longitudinal images
of the heart were obtained, including the left ventricle and
atrium, the mitral valve, and the aorta, followed by the
cross-sectional images from the plane of the base (aorta,
left atrium, right ventricular outflow tract, and pulmonary
valve and artery) to the left ventricular apical region.
Concomitantly with obtaining of these images, M-mode
tracings of the aortic root (including the aortic valve), the
left atrium, the mitral and pulmonary valves, and the left
ventricular cavity at the level of the papilary muscles were
obtained. In the apical four-chamber view, we obtained
the curve of velocity of the mitral diastolic flow, po-
sitioning the volume sample of the pulsed Doppler sligh-
tly below the ventricular facies of the mitral leaflets. Simul-
taneous recordings of the velocity curve of the flow of the
left ventricular outflow tract and the mitral diastolic flow
were obtained in the apical 4-chamber view, positioning
the volume sample of the pulsed Doppler between the left
ventricular outflow tract and inlet. We also analyzed the
velocity curve of the systolic flow in the pulmonary artery
in the cross-sectional parasternal view of the base with
the volume sample of the pulsed Doppler positioned right
below the valvar plane. Two-dimensional images and
tracings of the M-mode and of the Doppler curves were
recorded in half-inch videotapes for later analysis. Based
on the left ventricular images of the cross-sectional (basal,
middle, and apical levels) and longitudinal views, we
defined myocardial infarct as hyperechoic or nonhy-
perechoic regions or segments of the myocardium sho-
wing one of the following changes in myocardial kinetics:
hypokinesis (a reduction in wall thickness or motion),
akinesis (no increase in wall thickness or no motion or
both), and dyskinesis (opposite movement of one or more
segments or regions).
The measurements derived from the M-mode tra-
cings and from the flow velocity curves obtained by
pulsed Doppler were performed with an off-line analysis
system (Image-Vue, DCR 1.60, Nova Microsonics) in
which the images recorded in videotapes were reproduced
and digitalized in a sequence of 8 frames, the most appro-
priate image chosen for measurements. The following
measures were obtained through M-mode echocar-
diography: left atrium at the end of systole, aortic root at
the end of diastole, anterior and posterior wall diastolic
thickness (AWDT, PWDT), anterior and posterior wall
systolic thickness (AWST, PWST), left ventricular
diastolic (Dd) and systolic (Sd) diameters, being the
values expressed in centimeters (cm). All measures were
obtained following the recommendations of the American
Society of Echocardiography 12. Based on these measure-
ments, left ventricular mass (in grams) was calculated ac-
cording to the equation established by  the American So-
ciety of Echocardiography M(g) = 1.04 [(Dd + AWDT +
PWDT) – Dd3]3 as was the percentage of left ventricular
shortening (PLVS), PLVS (%) = Dd – Sd/Dd x 100.
Because of segmentary myocardial impairment in
infarcted animals, the myocardial mass and left ventricular
shortening fraction were not estimated. These two
parameters were calculated only with data of noninfarcted
animals. Based on the curve of mitral diastolic flow, the
maximum velocity of E and A waves was calculated in
centimeters per second (cm/s) as was the ratio between
these two waves (E/A ratio). The time of atrial deceleration
expressed in milliseconds was estimated as the time
between the maximum velocity of the E wave in the curve
of mitral diastolic flow and its intersection with the
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Doppler basal line. The left ventricular isovolumetric
relaxation interval was estimated as the time (ms) between
the end of the flow curve of the left ventricular outflow
tract and the beginning of the velocity curve of the mitral
diastolic flow. These parameters were used for analyzing
left ventricular diastolic function.
After undergoing echocardiography, the animals
were anesthetized with urethane at the dosage of 0.3mL/
100g of weight (solution of 400mg/mL) and underwent
thoracotomy for heart removal. The real left ventricular
weight was obtained in the analytical balance of Mettler
after complete separation of the pericardium, right
ventricle, atria, and great vessels. According to a techni-
que reported by other authors 8, an anatomicopathological
study was carried out in these hearts to characterize the
presence or absence of infarct. After fixation in a solution
of 10% formol, 4 cross-sectional cuts in the left ventricle
were performed. After discarding the cuts of the extre-
mities, 3 cuts representing the basal, middle, and apical
regions were stained with hematoxylin and eosin and
Masson’s trichrome for infarct search. When present,
infarct size was estimated as the mean of the percentage
of the scar arch length (or segmentary contractile change
or both) in regard to the transversal circumference in the 3
views of the left ventricle 8.
Echocardiographic variables were expressed by the
median, maximum, and minimum values. The left ventricular
mass obtained by echocardiography was compared to the
values of real weight of the chamber using the Spearman
correlation test. Values of the remaining variables studied in
infarcted and noninfarcted animals were compared using
the nonparametric Mann- Whitney test. Comparison of mo-
tion changes in mitral and pulmonary valves in the M-mode
and the pattern of the curve of systolic pulmonary flow
between animals with and without extensive myocardial in-
farct were performed through the test of comparison of pro-
portions. Tests with p<0.05 were considered statistically
significant.
Results
Echocardiography provided images and Doppler
signals adequate for the proposed analyses in all selected
animals. Segmentary contractile changes in the left ventri-
cle indicating infarct on echocardiogram were observed in
10 animals, and these findings were later confirmed as
extensive myocardial infarcts on the anatomicopatholo-
gical study. No animal considered noninfarcted on anato-
micopathological study showed echocardiographic
changes suggestive of left ventricular infarct. On echocar-
diogram, animals with extensive infarcts showed echo-
dense areas in the left ventricular myocardium suggesting
fibrosis or thinning of the myocardium or contractile
change in the anterolateral and apical walls or both. Some-
times these areas extended to the inferior wall preserving
the interventricular septum, and these findings could be
confirmed by the anatomicopathological study (fig. 1).
Table I summarizes the maximum, minimum, and median
values of left ventricular weight, heart rate during echo-
cardiogram, and all structural variables of infarcted and
noninfarcted animals. We may also observe the result of
the statistical analysis of the comparison between these
variables. Left ventricular mass of noninfarcted animals
showed a significant correlation (r=0.60; p=0.0092) with
real left ventricular weight. Table II summarizes the maxi-
mum, minimum, and median values of functional variables
of infarcted and noninfarcted animals. It is important to
emphasize that E/A ratio values were significantly higher
in animals with extensive infarcts than in those with no
infarct (fig. 2). The mitral valve tracing on M-mode echo-
cardiography showed a B point in 5 (62.5%) out of 8
animals with extensive myocardial infarct and in no animal
of the noninfarcted group (p<0.05) (fig. 3). The pulmonary
valve tracing was straight (without A wave) in 9 (90%) out
of 10 animals with extensive infarct and in none of the
animals of the noninfarcted group (p<0.05). Systolic flow
in the pulmonary artery showed a mesosystolic notch in 6
(60%) out of 10 infarcted animals and in none of the
animals of the noninfarcted group (p<0.05) (fig. 4).
Fig. 1 – Images of the cross-sectional view of the left ventricle (LV) in a rat without
infarct (A) and in another rat with extensive myocardial infarct (B). s- interventricular
septum; arrows – myocardial infarct.
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Discussion
Myocardial infarct in rats has been used as a model for
a few years. The great advantage of this model is the possi-
bility of keeping the animals alive for long periods until hea-
ling of the infarcted myocardial area and appearance of
signs of left ventricular remodeling occur. According to
Spadaro et al 8, left coronary artery ligature in the first epicar-
dial segment, 3 to 4 mm after its origin, does not interrupt cir-
culation to the septal branch, which in rats originates very
close to the left coronary artery ostium. Therefore the inter-
ventricular septum may be kept intact in most infarcts cau-
sed by proximal occlusion of the left coronary artery in rats,
while a great impairment of the left ventricular free wall is ob-
served. It is worth remembering that after ligation of the left
coronary artery, some animals develop extensive infarcts,
while others develop smaller infarcts and others develop no
infarct at all. In the present study using a similar technique,
the anatomicopathological study of the heart revealed an
extensive infarct involving the free wall of the cavity in 10
animals. The echocardiogram performed 5 weeks after the
infarct and before the anatomicopathological study showed
signs suggesting fibrosis and segmentary contractile
change in the same left ventricular walls. Infarcted animals
showed diastolic and systolic thickness of left ventricular
anterior and posterior walls significantly smaller than those
of noninfarcted animals. This may represent impairment of
the myocardial walls involved by infarct and variable degre-
es of healing.
Five weeks later, all animals with myocardial infarct
showed a significant increase in left cavity dimensions on
Doppler echocardiogram. These findings were accompa-
nied by important functional changes, such as signs of in-
crease in the left ventricular diastolic pressure characte-
rized by a restrictive type of the mitral diastolic flow
(mainly the E/A ratio) in the velocity curve and the B point
in the mitral valve tracing, both present only in extensively
infarcted animals. The characteristics of the velocity cur-
Table II - Minimum, maximum, and median values of functional variables on Doppler echocardiography and statistical significance of the
comparisons (p).
Variable   Median      Minimum     Maximum             p
Healthy Infarcted Healthy Infarcted Healthy Infarcted
LVSP (%) 49.7 --- 33.3 --- 61.5 --- ---
E (cm/s) 65.9 76.2 43.5 56.7 98.5 152 0.05
A (cm/s) 30 13.1 23 81 7.8 35.4 0.001
E/A 1.95 6.45 1.01 1.68 2.63 8.90 0.001
MDD (ms) 40.1 41 33.4 23 61.9 45 0.48
LVIR (ms) 23.8 27.6 16.5 10.4 41.8 38.3 0.62
A- velocity of the A wave in the curve of mitral diastolic flow (cm/s); E- velocity of the E wave in the curve of diastolic mitral flow; E/A- ratio between the velocities
of E and A waves of the mitral diastolic flow; MDDT- mitral diastolic flow deceleration time (ms); LVIRI- left ventricular isovolumetric relaxation interval (ms);
LVSP- left ventricular shortening percentage (%).
 Table I - Minimum, maximum, and median values of heart rate (HR) during echocardiography, left ventricular weight (grams), echocardiographic
variables, and statistical significance of the comparisons (p).
Variables                                          Median                                                                  Minimum                                                                  Maximum p
Healthy Infarcted Healthy Infarcted Healthy Infarcted
LV weight 0.71 0.63 0.46 0.54 0.84 0.74 0.00
HR (bpm) 263 230 180 214 416 260 0.34
Ao(cm) 0.31 0.30 0.24 0.24 0.36 0.32 0.14
LA(cm) 0.32 0.53 0.23 0.50 0.49 0.66 0.00
Dd(cm) 0.64 0.88 0.53 0.81 0.73 1.0 0.00
Ds(cm) 0.33 0.72 0.21 0.56 0.46 0.86 0.00
AWDT(cm) 0.14 0.11 0.10 0.08 0.19 0.16 0.001
AWST(cm) 0.23 0.14 0.19 0.12 0.34 0.21 0.001
PWDT(cm) 0.15 0.12 0.12 0.10 0.36 0.20 0.05
PWST(cm) 0.26 0.20 0.20 0.14 0.36 0.29 0.000
Mass (g) 0.58 ——- 0.40 ——- 1.01 ——
LV weight- real left ventricular weight (grams); LA- left atrium; Ao- aortic root; Dd- LV diastolic diameter; Sd- LV systolic diameter; HR (bpm)- heart rate (beats
per minute); Mass (g)- LV mass on echocardiography (grams); AWDT- anterior wall diastolic thickness; AWST- anterior wall systolic thickness; PWDT-
posterior wall diastolic thickness; PWST- posterior wall systolic thickness.
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ve of mitral diastolic flow suggesting a restrictive pattern
of ventricular filling already reported in extensively
infarcted rats 10, as well as the finding of the B point in the
mitral valve (M-mode), are similar to that observed in
humans with significant heart failure due to myocardial
infarct 13. Findings of straightening of the pulmonary valve
tracing on M-mode echocardiogram and the systolic
notch in the velocity curve of the pulmonary flow have not
yet been shown in rats with extensive myocardial infarct.
Once again, the similarities between these findings and
the pulmonary hypertension pattern in humans 14 allow the
supposition that they indicate an increase in the pressure
of pulmonary circulation in rats with extensive infarct due
to an increase in left ventricular diastolic pressure. In the
present study, a hemodynamic assessment with direct
measurements of the pulmonary arterial pressure and left
ventricular diastolic pressure was not carried out for
comparison. Indices of global left ventricular systolic
function, such as the shortening percentage (or fraction)
or ejection fraction or both, were analyzed only in nonin-
farcted animals. These methods use only left ventricular
linear measurements for the calculus and do not represent
the global systolic function in hearts with regional
contractile changes, such as those in infarcted hearts. The
two-dimensional methods traditionally used in humans
are based on left ventricular images obtained in the apical
view. However, the quality of the images in this view in the
animals of the present study was not appropriate for
obtaining reliable estimates of ejection fraction. A trans-
ducer with a higher frequency might provide a better
definition of the endocardium in images obtained in the
apical view 15. Another alternative is the analysis of the
percent variation of the left ventricular cross-sectional
area because images in cross-sectional parasternal view
are usually adequate. In the present study, this method
was not used because we thought it would be interesting
to test it in a group of animals with varied sizes of myo-
cardial infarct to make comparison possible. An ongoing
study in our laboratory will analyze this method in more
detail.
Data regarding anatomic and functional variables of
noninfarcted animals are important in this study because
they allowed comparison between the variables of animals
with extensive infarct and may be useful as reference
Fig. 3 – Tracings in M-mode of the mitral valve of a healthy rat (A) and of
another rat with extensive myocardial infarct (B) with a B point in the end-
diastolic phase.
A
B
B B
Fig. 2 – Velocity curve of the mitral diastolic flow of a noninfarcted rat (A) and of ano-
ther rat with an extensive myocardial infarct (B). Observe the increase in E wave and
the decrease in A wave in B.
A
B
E
A
E
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values in future studies of our or other laboratories. The
correlation index between left ventricular mass estimated
by echocardiogram and the real weight of the cavity,
although statistically significant, was low as compared
with that reported by others16. One factor determining the
low correlation index may have been the inclusion of
animals with normal left ventricular mass and within a
relatively narrow range of values. Including animals with
greater body weight and others with left ventricular
hypertrophy may widen the range of values and increase
the correlation index, as has occurred in other studies.
Animals with extensive infarct were not included because
of the uneven variation in myocardial thickness of these
hearts and because of variations in the geometrical shape
of the cavity. It is worth noting that the frequency of the
7.5 MHz transducer used, even though providing an ap-
propriate image for identifying the structures analyzed,
may have impaired detection of the real wall margins,
mainly in the areas closer to the transducer. This may have
been one reason for the low correlation index. Transducers
with higher frequencies (10 or 12 MHz) may perhaps allow
more accurate measurements of myocardial thickness and
cavity diameters.
Despite some limitations and based on data and obser-
vations of the present study, we can conclude that Doppler
echocardiography may identify extensive myocardial in-
farct with a 5-week evolution in rats. Infarcted animals sho-
wed an increase in the dimensions of the left cardiac
cavities and indirect signs of an increase in left ventricular
diastolic and pulmonary artery systolic pressures on
Doppler echocardiography.
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Fig. 4 – Velocity curves of the systolic pulmonary flow in a rat with no infarct (A) and in
another rat with extensive myocardial infarct (B) with mesosystolic notch (arrows).
A
B
